The creep-fatigue behavior of Cr-Mo steels has been examined from published data. The published data were compiled in an earlier effort and used in this paper to develop a multivariate best-fit equation to predict the low cycle fatigue life. The fatigue test temperatures were representative of temperatures experienced in nuclear power plants, which varied from room temperature to 600°C. Within this temperature range, depending upon the test parameters used, creep and fatigue processes interact and failure occurs in the lowcycle fatigue regime.
INTRODUCTION
The components of engineering applications such as gas turbines, steam turbines, rocket motors, space shuttle main engine, and other sub-systems operate under near steady conditions for an extended period of time at peak operating conditions. Under these steady state loading situations deformations in a material accrue by creep, fatigue, and other interactive mechanisms. Therefore, under such conditions the material of construction suffers not only from the rapidly induced damage from the start-up and shutdown cycles, but also from the creep damage under sustained loading periods. The extent of the creep damage depends on the operating parameters such as temperature, stress, loading waveform, material parameters, and dwell time.
Since a number of parameters control the behavior of a material, those variables are neglected and only independent variables such as strain range, strain rate, hold time and temperature were used in deriving a best-fit equation relating to the cyclic fatigue life.
High-temperature low-cycle fatigue (HTLCF) is a failure mechanism of engineering components that operate at high temperature and experience plastic as well as creep strain accumulation due to applied loads.
Failures by low-cycle fatigue mode were experienced in the power as well as aviation industries and documented from the early 1950s. While the commercial aviation industry experienced distinct failures, disk bursts due to dwell effects creep-fatigue interaction was the cause of failures in power plant components.
Therefore, damage mechanisms are studied under different test parameters such as dwell time to simulate the failure of power and aviation engine components. The low cycle fatigue life depends upon a number of factors including temperatures, alloy composition, processing heat treatment and test parameters such as temperature, strain rate, dwell time and environment. The objective of this research is to compile a database of HTLCF behavior of Cr-Mo steels and develop a multivariate equation from the compiled data that will predict the life of the components.
A multivariate equation was derived using the method of multi-linear regression with strain rate, strain range, temperature, dwell-time as the independent variables and number of cycles to failure as the dependent variable allowing some assumptions to simplify the analysis. The quality of the model to predict cycles to failure was evaluated using the R 2 value. Four different software packages were used to derive the multivariate equation each conducting a multi-linear regression.
DATA COLLECTION
The data used has been collected from various published and unpublished sources and was produced by laboratories in the USA, Europe, and Asia and presented in an earlier work by Solomon and Goswami /I/. A summary of the Cr-Mo steel data used is given in Table 1 . The Simstat program is limited to 40 terms for each analysis and therefore 7 analyses had to be performed to obtain the equation of 40 terms that yielded the best R 2 value from the expanded data set of 102 variables.
In each of the analyses the variables that did not meet the p-value criteria were omitted from the equation and were replaced with an equal amount of variables that had not been tried in the equation and then another analysis was performed. This procedure was repeated until all combinations of 40 terms had been completed. The 40 term equation was then evaluated to see how many terms were needed by plotting R 2 versus number of terms and observing where the knee of the curve started (Fig. 1) .
(1.34E-8 * T 2 H 2 ) + (-4.5E-14 * fH 2 ), After observing the residual plots (see Fig. 2 and Fig. 3 ) of the initial analysis, it was determined that transformations to the dependent and independent variables were needed to reduce the residuals and increase the R 2 value. The following transformations were applied and then the procedure above was carried out once again. 
Fj = [SS R (xj.x,) -SS R ( Xn )] / [MS e (xj,x,)]
The transformations were successful in the attempt to increase the R 2 value and reduce the residuals. A plot of the R 2 value versus number of terms was once again plotted (Fig. 4) to observe the plateau area so that the number of terms critical to the equation could be determined.
Term Evaluation Plateau
At term 34 The above equation yielded an R 2 value of 72% and is weighted to the conservative side of prediction.
The final multivariate equation was developed with Statistical Analysis System (SAS) software. SAS was used because it did not limit the amount of terms for each analysis. The only analysis conducted with SAS was on the data with transformations since trends had already been established in the data. By entering all variables into a single analysis and returning the combination that yielded the R 2 value, the following equation was derived:
